Characterizing Novel Modifications of a Therapeutic Protein Using Ultra Performance Liquid Chromatography-Tandem Mass Spectrometry, Sedimentation Velocity Analytical Ultracentrifugation, and Structural Modeling.
Heterogeneity of biopharmaceutical products is common due to various co- and post-translational modifications and degradation events that occur during the biological production process and throughout the shelf life. Product-related variants resulting from these modifications potentially affect a product's biological activity and safety, and thus, their detailed structure characterization is of great importance for successful development of protein therapeutics. Specifically, in this study, two novel low-level product variants in a recombinant therapeutic protein were characterized via chromatographic enrichment followed by proteolytic digestion and analysis using ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). One of the variants was identified to be the therapeutic protein missing a 61-amino-acid fragment from its N-terminus. Consequently, the other variant was found to be the therapeutic protein carrying the 61-amino-acid long peptide. Furthermore, detailed structure at the modification site of the latter variant was determined as that amino group from the protein's N-terminus linked to side chain carbonyl carbon at Asp 61 residue of the peptide, based on the complementary information from collision induced dissociation and electron transfer dissociation MS/MS analysis. Results from sedimentation velocity analytical ultracentrifugation and computational structural modeling supported the hypothesis that formation of these two variants was a result of protein self-association. In dimeric state, the head-to-toe stacking conformation of two therapeutic protein molecules allowed spatial closeness between the N-terminus of one molecule and the 61st amino acid of the other molecule, resulting in a novel peptide transfer between the two protein molecules.